Abstract. Low skeletal muscle density (SMD) and low skeletal muscle index (SMI) are associated with poor overall survival (OS) in patients with various types of cancer. We retrospectively studied SMD and SMI using computed tomographic (CT) scans in patients with gastric cancer receiving chemotherapy to evaluate its prognostic significance. SMD and SMI were obtained from CT-based analysis using Slice-O-Matic 
Introduction
The role of skeletal muscle as a prognostic and predictive factor in cancer management has been a topic of interest lately (1) (2) (3) (4) (5) (6) . In particular, two skeletal muscle parameters have been studied in detail: skeletal muscle density (SMD) and skeletal muscle index (SMI). SMD reflects the lipid content of the muscle: the higher the lipid content, the lower the SMD and the weaker the muscle strength (7) (8) (9) . SMI reflects the skeletal muscle volume or mass and is measured as skeletal muscle area divided by the square of the body height.
Both SMD and SMI have been shown to predict survival in patients with various types of cancer (10, 11) . Low SMI, also known as sarcopenia, is also a predictor of severe toxicities associated with anticancer drugs such as 5-fluorouracil and sorafenib (12, 13) . However, this association of SMD and/or SMI with prognosis or treatment-toxicities among gastric cancer patients has not been studied yet.
The clinical significance of SMD and SMI in patients with gastric cancer may differ from that in patients with other types of cancer owing to differences in dietary status caused by gastrectomy, gastrointestinal disorders, or both. Because chemotherapy is the only treatment for metastatic gastric cancer and has only limited survival benefit (14) , it is important to have factors that could effectively predict the prognosis or adverse effects for proper assessment of risk-benefit ratio to the patients. Hence, we undertook this study to evaluate the prognostic implications of SMD and SMI in patients with metastatic gastric cancer receiving chemotherapy.
Materials and methods

Patients.
Patients with recurrent or metastatic gastric cancer who received S-1 plus cisplatin as first-line chemotherapy in Nagoya University Hospital (Nagoya, Japan) from January 2009 through June 2014 were studied retrospectively. All but 2 patients received S-1 (80 mg/m 2 Skeletal muscle assessment. Baseline CT images obtained within 1 month before starting chemotherapy were used to evaluate SMD and SMI. Skeletal muscle area at the level of the third lumber vertebra (l3) scan was quantified by using Slice-O-Matic ® medical imaging software (version 5.0; TomoVision, Magog, Quebec, Canada) using a Hounsfield unit (HU) threshold of -29 to +150 for identification as has been described previously (15) (Fig. 1) . The skeletal muscle area thus obtained was divided by the square of body height to get the skeletal muscle index (SMI) in the units of cm 2 /m 2 . The value for the skeletal muscle density (SMD) in HU at the same level was also obtained from the software. It is estimated that SMD decreases by 1 HU for each additional 1 g/100 ml lipid in muscle (8) . The cut-off values for determining low SMD and low SMI were based on a recently published population-based study of 1,473 patients (10) ( Table I) . Although various cut-offs for diagnosing sarcopenia have been proposed, this criteria takes into account both gender and BMI, and therefore is more reliable.
Statistical analysis.
Overall survival (OS), progression-free survival (PFS), and tumor response (evaluated according to the Response Evaluation Criteria in Solid Tumors, version 1.0) were compared between patients with low SMD and those with normal SMD, as well as between patients with low SMI and those with normal SMI. Briefly, OS was defined as the time from the day of starting chemotherapy to the day of death or the last contact, and PFS was defined as the time from the day of starting chemotherapy to the day on which the first event of disease progression was diagnosed or the day of death from any cause. PFS and OS with 95% confidence intervals (95% CI) were estimated by the Kaplan-Meier method and were compared between groups by the log-rank test. Data on patients who were alive or lost to follow-up were censored in the calculation of OS. Data on patients who discontinued chemotherapy because of adverse events or who could not be followed up until disease progression were censored in the calculation of PFS. Associations of the Table I . Cut-off values of SMD and SMI. following variables with OS were analyzed with the use of multivariate Cox hazard models: SMD (normal vs. low), SMI (normal vs. low), gender (male vs. female), PS (0-1 vs. 2), age (less than or equal to the median vs. higher than the median), number of metastatic sites (less than 2 vs. 2 or more), and tumor response to first-line chemotherapy (yes vs. no). P-values <0.05 were considered to indicate statistical significance. P-values are estimated from one-sided tests. Statistical analysis was performed using JMP software (version 9; SAS Institute Inc., Cary, NC, USA).
Results
Patient characteristics.
A total of 53 patients were included in this study (Table II) ). The distribution of the 34 patients (64.1%) who had undergone gastrectomy before starting chemotherapy was balanced between low and normal groups of both SMD or SMI. There was no significant difference in RDI between the patients with low SMD and those with normal SMD (cisplatin, P= 0.77; S-1, P= 0.83) or between patients with low SMI and those with normal SMI (cisplatin, P= 0.89; S-1, P=0.86). There was a numerically higher incidence of grade 3 or higher neutropenia in the patients with low SMI than in those with normal SMI (35.1 vs. 18.8%, P=0.22).
Overall survival. The median OS of the 53 patients was 11.7 months (95% CI, 8.2 to 13.2 months). Patients with low SMD had significantly shorter OS (8.9 months; 95% CI, 7.7 to 12.8 months) compared with patients with normal SMD (12.8 months; 95% CI, 10.1 to 37.0 months, P= 0.03) (Fig. 2A) . On the other hand, median OS was similar between patients with low SMI and normal SMI (11.1 vs. 14.3 months, P=0.18) (Fig. 2B) .
Progression-free survival. The median PFS of the 53 patients was 4.8 months (95% CI, 3.2 to 6.7 months). Median PFS 
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Tumor response. Among the 53 patients, 2 patients had a complete response, 12 had a partial response, and 18 had stable disease. The response rate was 26.4%, and the disease control rate was 60.4%. The response rate was similar in patients with low SMD (29.0%) and those with normal SMD (22.7%). On the other hand, there was a trend toward a lower response rate in the patients with low SMI (18.9%) than in those with normal SMI (43.5%, P=0.06).
Multivariate analysis. Multivariate analysis confirmed that low SMD was an independent predictor of poor outcomes; the hazard ratio (HR) for death in patients with low SMD versus those with normal SMD was 2.72 (95% CI, 1.32 to 5.82; P<0.01; Table III ). The other independent predictors of poor OS included a PS of 2 (HR, 3.25; 95% CI, 1.21 to 7.88; P= 0.02), two or more metastatic sites of disease (HR, 2.48; 95% CI, 1.13 to 5.55; P= 0.03), and no response to first-line therapy (HR, 4.18; 95% CI, 1.65 to 11.6; P<0.01). 
Discussion
This is the first study to demonstrate that low SMD is an independent poor prognostic factor in metastatic gastric cancer patients receiving chemotherapy. Also, in contrast to reports of other cancers, our study showed that sarcopenia or low SMI is not associated with prognosis in metastatic gastric cancer. On the other hand, PFS and tumor response were not associated with either SMD or SMI in this study. These findings imply that low SMD, is an important prognostic indicator in patients with gastric cancer who are considered eligible for systemic chemotherapy, but is not a predictor of the response to chemotherapy. The association of SMD, but not SMI, with survival outcomes in our present study is an intriguing finding. One plausible explanation for this could be that the increase in lipid content of muscle occurs before the decline in muscle mass and therefore, the decrease in SMD is detected earlier than the decrease in SMI. Also, CT based calculation allows for early detection of fall in HU (SMD) while the muscle area remains unchanged; thus decrease in SMD is detected earlier than corresponding decrease in SMI. Because most of the previous studies have examined either SMD or SMI only, this discrepancy has not yet been revealed in those studies. Second, many gastric cancer patients will have undergone gastrectomy as a part of their treatment. Gastrectomy, in itself, has been known to decrease muscle mass (16) . Abdiev et al reported that after gastrectomy the skeletal muscle mass decreased to around 85% of preoperative level (17) . Therefore, the low SMI found among patients in this study could have partly been an effect of gastrectomy. These results suggest that SMD would better facilitate assessment of the risk-benefit ratio of systemic chemotherapy in metastatic gastric cancer patients compared to SMI.
PFS, tumor response and toxicities were not related to SMD or SMI in this study. Nevertheless, both tumor response and toxicities were numerically better in normal SMI group versus low SMI group.
Some other studies in patients with diseases such as breast cancer or renal cell carcinoma have also reported that lower SMI may be linked to severe toxicities, leading to dose reduction and then to a shorter time to progression (12, 13) . The clinical value of skeletal muscle assessment is thus considered to warrant further investigation in gastric cancer patients.
Our study had several important limitations. It was retrospective and had a small sample size. In addition, the cut-off values that we used for SMD and SMI were based on the results of a study done in a Western population (10), because there is no clear consensus about the Asian-specific cut-off values of SMD and SMI.
In conclusion, our results demonstrated that low skeletal muscle density, rather than low skeletal muscle mass, is independently associated with poor survival in patients who receive chemotherapy for metastatic gastric cancer.
